Objective: A systematic review was performed to study factors of occurrence and improvement methods of presenteeism attributed to diabetes. Methods: We set 2 clinical questions; (a) how comorbidities and complications of diabetes induce presenteeism and (b) what interventions or conditions effectively improve presenteeism. Then, we conducted a comprehensive search with MEDLINE/ PubMed and Scopus databases and extracted those that met the clinical questions.
| INTRODUCTION
Diabetes is one of the most common chronic diseases in nearly all countries and has been increasing globally. 1, 2 The increase in diabetes is a considerable economic burden for patients/ employees, employers, and society. The American Diabetes Association (ADA) has estimated economic costs of diabetes in the United States (US) every 5 years since 1997. [3] [4] [5] [6] [7] The costs of diabetes have also been estimated in several European countries (Norway, 8 Sweden, 9 The Netherlands, 10 Spain, 11 and Poland 12 ) and others (Argentine 13 and Mali 14 ). The costs usually consist of direct medical costs and indirect costs attributed to diabetes. Although direct costs are substantial, indirect costs occupy a significant part of total costs in the entire population. Goetzel et al have continued to estimate the costs of common chronic conditions from employers' aspects in the US since 1996. [15] [16] [17] Considering that it was effective for employers to understand total work productivity costs for better decision making, they added presenteeism attributed to chronic diseases, such as diabetes, hypertension, depression, and arthritis, to the estimation. 18 In the study, like other diseases, presenteeism accounts for a large proportion of total costs of diabetes, reaching 62% of total costs and 87% of indirect costs among a database of employees in large US corporations. The trend was reflected in ADA's estimation, and the organization added presenteeism as an indicator of reduced performance at work to indirect costs in its 2007 5 , 2012 6 and 2017 7 estimations, which comprised 34%, 30%, and 30% of indirect costs, respectively.
Work productivity loss often consists of absenteeism and presenteeism. While absenteeism is to be absent from work due to health problems, presenteeism is defined as the health-related productivity loss at paid work. 19 Presenteeism can also be said as difficulty in doing work due to illness or symptoms, and is measured with various self-reported instruments. 20 In many industrialized countries including Japan, the working population is aging, and it is expected that more workers will continue to work while undergoing treatment for diseases. Diabetes is one such disease. When considering the significant burden of presenteeism attributed to diabetes, counteractive measures are necessary in the workplace as well as for disease prevention. In order to provide support for such workers to demonstrate their performance in the workplace, it is considered effective to clarify factors that create difficulty in doing work due to disease itself or its treatment. Breton et al 21 conducted a systematic review on burden of diabetes on the ability to work in 2011 and identified only one research on the occurrence of presenteeism by comorbidities of diabetes that is a cross-sectional study observing that individuals with diabetes and neuropathic symptoms were found to have more work performance loss than those without diabetes. 22 However, we expected that most of targeted studies had been published after the review.
Therefore, we conducted a systematic review on the occurrence of presenteeism by comorbidities and complications of diabetes and interventions for improving presenteeism.
| MATERIALS AND METHODS
This systematic review follows the Preferred Reporting Items for Systematic Reviews and Meta-analyses Protocols (PRISM-P). 23, 24 We set the following two clinical questions to achieve our research objectives: (a) how comorbidities and complications of diabetes induce presenteeism and (b) what interventions or conditions effectively improve presenteeism attributed to diabetes.
On August 15, 2018, we searched MEDLINE/PubMed and Scopus databases for studies published from their start date to August 15, 2018 . In some studies, absenteeism and presenteeism were not separated, and are expressed as work productivity loss. The loss from presenteeism attributed to chronic conditions were usually much bigger than absenteeism. [15] [16] [17] Therefore, studies were included if they described an observational and intervention study where presenteeism or health-related productivity loss including presenteeism was evaluated among workers with diabetes. In addition, as some tools measuring work productivity loss use terms such as work impairment as synonyms with presenteeism, [25] [26] [27] we decided to take them together. The database search was performed with the following search term and limited to "Human" ("diabetes"[MeSH Terms] OR "diabetes "[All Fields] OR "hypoglycemia"[MeSH Terms] OR "hypoglycemia"[All Fields] OR "hyperglycemia"[MeSH Terms] OR "hyperglycemia"[All Fields]) AND ("presenteeism"[MeSH Terms] OR "presenteeism"[All Fields] OR "productivity"[MeSH Terms] OR "productivity"[All Fields] OR "work ability"[All Fields] OR "work impairment"[All Fields] OR "work performance"[All Fields] OR "work limitation"[All Fields] OR "work loss"[All Fields]).
First, two researchers (TM and TN) independently collected studies from those identified by the above literature search that evaluated the association between diabetes and productivity loss by the titles. When the opinions of the two researchers differed, the paper was included. Second, two researchers (KM and TM) independently selected studies that met inclusion and exclusion criteria from the abstracts. The inclusion criterion was any study that evaluated the association between diabetes and labor productivity or work ability in peer-review journals. Exclusion criteria included papers examining medical costs (direct costs) only and papers written in languages other than English. Papers were also excluded when we could not judge the inclusion/exclusion criteria from the abstract only. When the opinions of the two researchers differed, the paper was also included. After including possible papers identified from references of the related papers in our search, one of researchers read the full text of the screened studies and we discussed when the assigned researcher judged it did not meet criteria at researchers' conference. Finally, we selected papers that studied the occurrence of productivity loss including presenteeism by comorbidities and complications of diabetes and those that discussed effective interventions or conditions for improving presenteeism attributed to diabetes. Study selection was performed as shown in Figure 1 .
We assessed the quality of selected papers on the occurrence of productivity loss including presenteeism by comorbidities and complications of diabetes using the Newcastle Ottawa Scale (NOS) 28 for cohort studies. However, as the NOS was originally developed for cohort studies and case-control studies, we used the modified NOS by Breton et al 22 for cross-sectional studies. These scales address three domains: (a) selection of study groups (four items for cohort studies and three items for cross-sectional studies), (b) comparability of these groups (one item for both studies), and (c) ascertainment of either exposure or outcome of interest (three items for cohort studies and one item for cross-sectional studies). A study could be awarded a maximum of 1 star for each item within the selection and outcome categories and a maximum of 2 stars for comparability. The overall quality rating was calculated as the sum of stars (maximum of 9 stars for cohort studies and 6 stars for cross-sectional studies). Interventions and conditions differed among papers on effective interventions or conditions for improving presenteeism attributed to diabetes. Thus, we judged quality of evidence was judged with NOS for a cohort study and a cross-sectional study and the risk of bias was judged with the Cochrane Handbook for Systematic Reviews, Version 5.1.0 for interventions. 29 
| RESULTS
We found 18 papers that studied the occurrence of productivity loss including presenteeism by comorbidities and complications of diabetes (Table 1) . Sixteen papers were cross-sectional studies and 7 of them did not mention the control group. Two were cohort studies. Most of the papers had relatively low qualities of evidence which were evaluated by NOS as shown in Table 1 . We also identified 5 papers that discussed effective interventions or conditions for improving presenteeism Records aŌer duplicates removed n = 3632
Records screened with Ɵtle n = 276
Records screened with abstract n = 121 +AddiƟonal papers from reference n = 9
Records excluded n = 3356
Records excluded n = 155
Papers on occurrence of presenteeism by comorbidity and complicaƟons of diabetes n = 18
Records excluded n = 107 -Effects of comorbidiƟes or complicaƟons of DM on work producƟvity was not discussed. (n = 48) -Presenteeism was not measured or clearly expressed. (n = 32) -Work producƟvity loss aƩributed DM was not discussed. (n = 14) -Review paper (n = 9) -DM was not specified as a target disease. (n = 3) -The objecƟve of the study was developing new measurement tools. (n = 1) attributed to diabetes ( Table 2 ). Of them, there were a crosssectional study and a cohort study, and their qualities of evidence evaluated by NOS were shown in Table 2 . Three were interventions, and they were a randomized control trial, a non-randomized control trial, and a pre-post intervention comparison study. Their risks of bias were high.
Also, among the 23 papers, 12 papers were focused on type 2. However, type 1 and type 2 were combined in 5 papers and the type with diabetes was not clarified in 5 papers. Therefore, we decided not to be conscious of the type of diabetes mellitus.
| Occurrence of productivity loss
DiBonaventura et al 30 studied loss of work productivity of type 2 diabetes associated with tolerability issues of oral antidiabetic agents. As the number of tolerability issues increased, presenteeism worsened after adjusting for demographics, comorbidities of diabetes, and disease characteristics. Patients with 1, 2, 3, and 4 or more issues were projected to have presenteeism costs that were $1583, $3662, $5940, and $6190 or greater, respectively, and these costs were much higher than absenteeism costs. Although not specific for presenteeism, hypoglycemia, headache, water retention (edema), and weight gain were the only tolerability issues significantly associated with greater total work impairment.
Comorbidities and complications whose effects on presenteeism were relatively well studied included hypoglycemia, neuropathy, and mental disorders, mainly depression. Nine papers evaluated effects of hypoglycemia on work productivity including presenteeism. Brod et al 31 reported that among individuals reporting a non-severe hypoglycemia event (NSHE) at work, 23.8% reported missing a meeting or work appointment or not finishing a work task on time. Among respondents experiencing an NSHE outside working hours (including nocturnal NSHE), 31.8% reported that they missed a meeting or work appointment or did not finish a work task on time due to the nocturnal NSHE. Brod et al [32] [33] [34] also reported that the impact of non-severe nocturnal hypoglycemia events (NSNHE) was apparent for those who worked the next day in the US, Canada, and European Union countries. When compared with respondents with type 1 diabetes, those with type 2 appeared to experience more presenteeism associated with an NSNHE. Also, US respondents were least likely to report presenteeism, and respondents from French had the highest rate of presenteeism when comparing 4 countries, ie, USA, UK, Germany, and France. 32 The impact of the NSNHE on presenteeism was higher than that for groups defined as normal controls in two recent studies when evaluated with Endicott Work Productivity Scale scores. 33, 34 Moreover, 25.0% of the subjects reported that the NSNHE had a high impact on productivity at work the following day, 32.1% reported a moderate impact, 18.9% reported a little impact, and 24.0% reported no impact with Likert scale assessment. 33 However, Ohashi et al 35 evaluated the impact last NSHE on presenteeism by a question on missing a meeting/ work appointment or failing to finish a task in Japanese population, and observed 25% of respondents with last daytime were missing a meeting/work appointment or failing to finish a task, but only 2% with last night-time NSHE were reported the impact. Meneghini et al 36 categorized type 2 diabetes patients in the US based upon self-reported experience in the past 3 months, and reported that patients with severe hypoglycemia had significantly greater presenteeism compared with patients with non-severe or no hypoglycemia, but there was no significant difference in presenteeism between non-severe and no hypoglycemia. Pawaskar et al 37 also reported similar results from US population. Mitchell et al 38 analyzed selfreported hypoglycemic episode at 6 follow-up assessments separated by 4 weeks in the United Kingdom. At the baseline survey, about 35.3% of employed respondents who experienced at least 1 hypoglycemia experience (HE) in the month had work impairment in the prior 7 days, which was approximately double of those without HE. However, there was no significant difference in work impairment between those with HE and without HE during the follow-up period, although the analysis included only a small number of samples who completing all surveys. Lopez et al 39 compared presenteeism attributed to diabetes among those who had experienced hypoglycemia in the previous 3 months (recent), in the past but not in the previous 3 months (non-recent), and those who had never experienced hypoglycemia (never). The recent group had significantly higher presenteeism (21.3%) compared with those in non-recent (15.1%) or never (14.0%) groups.
Five papers assessed the effects of diabetic neuropathy on work productivity including presenteeism attributed to diabetes. Stewart et al 22 reported that those with neuropathic symptoms were substantially more likely to report the need to change the number of hours worked or their jobs and that there was a moderate-to-severe impact on their job performance in 1 US population-based study. DiBonaventura et al 40 compared presenteeism among the healthy control group, diabetes without painful peripheral neuropathy (pDPN) group, and pDPN group across 3 years and reported that both the control and diabetes without pDPN groups reported significantly lower levels of presenteeism than the pDPN group. The other papers were clinic-based studies. Gore et al 41 observed 64.4% patients with pDPN among those who worked reported work productivity loss due to the symptom and accomplished less at work an average of 15.2 days in the preceding 3 months. Taylor-Stokes et al 42 analyzed self-reported data from employed individuals diagnosed as pDPN and reported impairment while working increased as pDPN severity levels worsened. Estimated loss productivity and annual related costs were 21.0% and $8266, 33.7% and $15 449, and 60.5% and $24 300 for mild,
T A B L E 1 Summary of papers on presenteeism in patients with comorbidities or complications of diabetes

Comorbidities or complications Authors
Year moderate, and severe pDPN, respectively. The authors also mentioned that costs appeared to be primarily driven by presenteeism. Sadosky et al 43 also observed mean overall work impairment as pain severity increased but did not note a significant difference, likely due to the small number of subjects employed for pay. Two papers studied effects of mental conditions on presenteeism attributed to diabetes. Bielecky et al 44 reported that respondents with both diabetes and mood disorder including depression, bipolar disorder, mania, or dysthymia have higher presenteeism and fully adjusted prevalence ratio than those with either diabetes or mood disorder only. However, a significant negative interaction was observed with the combination of the two conditions. Bolge et al 45 reported that those with very poor mental well-being evaluated by the mental component summary had higher presenteeism than those with poor and good mental well-being, and those with poor mental well-being had higher presenteeism than those with good mental well-being.
Lee et al 46 evaluated the mediational effect of depressive symptoms and cognitive impairment on work productivity to understand the mechanistic link between diabetes and work productivity loss. Self-rated depressive and cognitive symptoms were positively correlated with work impairment among subjects with or at risk for diabetes and cognitive impairment severity partially but significantly mediated the association between depressive symptom severity and work impairment.
| Effective interventions or conditions
There are two main approaches that improve productivity loss including presenteeism, ie, approaches to individuals and those to work accommodations. Among 5 papers, 4 were
Comorbidities or complications Authors
Year related to individual approaches and the other was related to work accommodations. Loeppke et al 47 analyzed medical pharmacy claims data from large corporations including health risk appraisal and reported medication adherence is a significant predictor of job performance for the type 2 diabetes with insulin, oral hypoglycemic agent, or metformin group. Katcher et al 48 studied the effects of a vegan nutrition program for individuals with body mass index ≥25 kg/m 2 and/or previous diagnosis of type 2 diabetes at a large corporate site on work productivity, and participants in the vegan diet group reported a 40% decrease in the number of health problems affecting work productivity. Adepoju et al 49 compared presenteeism among subjects aged ≥18 years with type 2 diabetes randomized into 4 study arms: 1 usual care arm and 3 self-management program arms. There were no statistically significant differences among the groups, although presenteeism was calculated with a multiplication factor obtained from prior literature. Bevis et al 50 provided 12 months wellness programs including screening and measurement of baseline indices, educational sessions, telephonic support, quarterly laboratory monitoring, and provision of glucometers and test stripes to employees with diabetes at a major employer in the US. There was significant improvement in both HbA1c levels and presenteeism scoring between preand postintervention. They reported that improved stress management and perceived improvement in health were the major contributors to improved presenteeism scoring.
As for work accommodations, Gifford et al 51 observed 5.11 times greater odds that an employee who did not receive a needed accommodation experienced a higher level of lost productivity than an employee who received a needed accommodation. However, they found no interactions between chronic health problems including metabolic condition and accommodations.
Sample size
Measure of presenteeism Key conclusions on presenteeism
Research design
Quality of evidence a
Among 112 subjects, 20 were employed for pay
WPAI-Specific Health Problem
Mean overall work impairment among subjects employed for pay was 43.6%, which worsened as pain severity increased. However, this difference was not significant due to the small number of subjects
Cross-sectional study 3/6
Among 132 072 eligible respondents, 120 005 respondents who met inclusion criteria were used in the analysis Evaluated by the question, "Does a long-term physical condition, mental condition, or health problem reduce the amount or kind of activity you can do at work?" "Sometimes" or "often" were classified into presenteeism, and "never" was classified into no presenteeism About 37.6% of respondents with both diabetes and a mood disorder have presenteeism. The fully adjusted prevalence ratio of the group was 1.78, which was significantly higher than those with either diabetes or diabetes. However, a significant negative interaction was observed between the 2 conditions Repeated cross-sectional study 5/6
Among 7852 respondents, 1701 experienced very poor mental well-being, 1781 poor mental well-being, and 4370 good mental well-being
WPAI-General Health questionnaire
Respondents with very poor mental well-being had higher presenteeism than those with poor and good mental well-being. Additionally, respondents with poor mental well-being had higher presenteeism than those with good mental well-being
Cross-sectional study
4/6
A total of 3627 individuals were screened, 1738 met eligibility criteria, and 724 consented. Among them, 205 subjects with pre/diabetes were included in the study EWPS Self-rated depressive and cognitive symptoms were positively correlated with work impairment among subjects with or at risk for diabetes. Self-rated measures of cognitive impairment mediated the association between depressive symptom severity and workplace impairment
Cross-sectional study 3/6 T A B L E 2 Summary of papers on effective interventions or conditions for improving presenteeism attributed to diabetes
Conditions or interventions Authors
Year SPS-6 scores for employees with diabetes were compared at the beginning and the end of the program. There was a highly significant increase in SPS-6 scoring (improvement). Improved stress management and perceived improvement in health were the major contributors to improved scoring. From HbA1c values of 8.02% ± 1.90% at 0 mo, there was significant improvement in HbA1c levels at 6 mo (7.13% ± 1.43%), but the HbA1c improvement slipped to a more modest outcome by 12 mo (7.48% ± 1.52%)
Pre-post intervention comparison
High b
Of 1396 invited participants, 1174 respondents were followed up. Of these respondents, 7.7% of them had diabetes Measured the extent by which health problems affect participants' work productivity
The odds that an employee who did not receive a needed accommodation reported a higher level of lost productivity are 5.1 times the odds for an employee who received a needed accommodation. However, there were no interactions between chronic health problems, including metabolic problems and accommodations. This suggests that the association between accommodations and productivity loss are similar on average for employees with and without any of the reported problems Cross-sectional study 4/6 a
| DISCUSSION
Diabetes has steadily increased globally, and it is expected that not only direct costs but also indirect costs will also continue to increase. 1 Among them, losses of presenteeism occupy a substantial part of indirect costs of workers; thus, it is considered that countermeasures against presenteeism are more important than the burden of medical expenses from the standpoint of the employer. Also, in supporting workers trying to continue their work while receiving treatment for diabetes, presenteeism, defined as the health-related productivity loss while paid work, 19 is the difficulty of work itself that needs the support. To develop and implement effective measures against presenteeism, it is necessary to clarify the mechanism of its occurrence and consider improvement measures. Therefore, we conducted a systematic review to identify factors that induce presenteeism and methods to improve presenteeism attributed to diabetes.
| Comorbidities and complications of diabetes which induce presenteeism
Papers on occurrence factors of presenteeism attributed to diabetes were limited and most of them were published after 2011. We adopted NOS to evaluate the quality of evidences for cohort studies and the modified NOS by Breton et al 21 for cross-sectional studies. As a result of the evaluation, they had a low quality of evidence. However, it was found that the associations of hypoglycemia, 31-39 diabetic neuropathy, 22, [40] [41] [42] [43] and mood disorders with presenteeism 44, 45 had been relatively well studied in this review. This is probably because these comorbidities and complications occur relatively frequently, and reasonably high presenteeism may occur due to accompanying symptoms. However, these comorbidities and complications result from different causes. That is, hypoglycemia is associated with inappropriate treatment and poor adherence. A few papers reported that it caused productivity loss even when the symptoms were not severe 31 or occurred at night, 33, 34 although there are conflicting reports that there was no significant difference in presenteeism between non-severe and no hypoglyceia. 36, 37 Diabetic neuropathy is 1 of the 3 major complications arising from long-term poor glycemic control, and it is observed that when the pain becomes stronger, larger productivity loss occurs. 42 Although the exact cause remains unclear, diabetes has a high incidence of mood disorders as with other chronic diseases. 44 Presenteeism increases with both diabetes and mood disorders, although the interaction is not recognized. It is also thought that mood disorders affect diabetes control. 52 In addition, presenteeism worsens with worsening of diabetes complications. 53
| Possible interventions or conditions which improve presenteeism effectively
Although there is limited information on causes of presenteeism attributed to diabetes, based on the findings obtained in this systematic review, improving diabetes control, evaluating the effect of treatment on work productivity and adjusting treatment, and providing psychological support are expected to be important methods to improve presenteeism. However, intervention studies based on these possibilities have been hardly investigated, as we found out only 4 related studies including randomized control trials (RCTs) with the negative result. As for reduction in presenteeism by glycemic control, Loeppke et al 47 observed medication adherence was a significant predictor of job performance, and the results indirectly suggested the effectiveness of improving glycemic control on presenteeism. Although presenteeism was not evaluated, Testa et al 42 compared changes in glycemic control and absenteeism between an active therapy group and a placebo group in a double-blinded RCT and observed that good glycemic control for patients in the active therapy group was associated with greater improvement in absenteeism. They also observed that symptoms of distress and cognitive function improved in the active therapy group. The result suggests the possible reduction in presenteeism by glycemic control. To our knowledge, however, only 2 intervention studies with presenteeism as an outcome have been published: a retrospective observational study that examined the effect of a nutrition program 44 and an RCT of a self-management program. 49 As for presenteeism due to treatment, inappropriate treatment content and poor adherence increase the likelihood of the occurrence of hypoglycemia. Although we could not find evidence in the relevant literature, it is considered that an increase in urine volume by sodium glucose co-transporter 2 inhibitor may affect job performance. Nakajima et al 54 asked 1300 Japanese patients with diabetes, what diabetes-related issues affected their work and reported 10.5% of respondents answered that they had to frequently use the restroom. The increase in urine volume is considered to have a substantial impact on work productivity for workers who operate in an environment where they cannot freely go to the restroom. Therefore, it is necessary to select treatment regimens according to symptoms and work conditions. Collaboration between diabetes physicians and occupational physicians would be effective.
As diabetes frequently accompanies mood disorders, especially depression, diagnosis and treatment of mood disorders should be considered in the treatment of diabetes. Bogner et al 55 reported the results of an RCT that integrated diabetes management and depression treatment to improve medication adherence and conditions of both diseases. It was also reported that psychological support improves selfefficacy, resulting in improved medication adherence and health behavior, which might lead to improved glycemic control. 56, 57 Bevis et al 50 reported that improved stress management and perceived improvement in health were the major contributors to improved presenteeism scoring by diabetes wellness care at the workplace. Safren et al 58 reported that cognitive behavioral therapy was an effective intervention for adherence, depression, and glycemic control in patients with uncontrolled type 2 diabetes and depression. Therefore, psychological support is also considered to be important for patients without mood disorders. In addition, as it was suggested that presenteeism was alleviated by work accommodations required by workers with diabetes, 51 approaches to improve the work environment and work are also important, as well as those to individuals. Work accommodations should be considered with the understanding of specific issues of individual workers.
| Limitations
The main limitation is the quantity and quality of papers identified. Most studies were cross-sectional studies and control setting was sometimes insufficient. In addition, in spite that factors associated with each type of diabetes, such as age, duration, and insulin dependency, are different, we analyzed type 1 and type 2 together as they were combined or type was not specified in about half of papers.
Because presenteeism occupies a substantial part of diabetes-associated costs, especially for persons of working age, active investigation is needed.
| CONCLUSIONS
Presenteeism attributed to diabetes is caused by hypoglycemia, diabetic neuropathy, and mood disorders. Our systematic review suggested that improving glycemic control, adjusting treatment regimen by evaluating the impact on work productivity, providing psychological support, and developing suitable work accommodations for individual issues can effectively reduce presenteeism. However, further study is necessary considering the significant costs associated with presenteeism attributed to diabetes.
